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In view of the above, it is respectfully submitted that 
the claims are now in condition for allowance, and favorable 
action thereon is earnestly solicited. 



AMK:pw 

\USER12\HUTCH1A. SPL 



Telephone No, 
Facsimile No, 



(202) 628-5197 
(202) 737-3528 



BROWDY AND NEIMARK, P.L.L.C. 
Attorneys for Applicant (s) 




ie M. Kornbau 
Registration No, 25,884 



CO 

— i 



CO 



— trn 
rno 
;x> rn 

~< 

co rn 
oo 

CD 

CO 

d> 

CD 



-2- 



•The New England Jouj^]^£^lej^ 



Review AvticLe 





Medical Progress 

Parkinson's Disease 
Second of Two Parts 
Anthony E. Lang, M.D„ and Andres M. Lozano, M.D. 

PATHOPHYSIOLOGY 

The establishment of a model of parkinsonism 
through the administration of MP'IT to nonhunvan 
primates has provided important insights into new 
therapeutic strategics. A typical parkinsonian syn- 
drome develops in the animals that is characterized 
by dopamincrgic-ccll loss in the substantia nigra and 
striking abnormalities in the spontaneous activity 
and sensorimotor responses of neurons in the basal 
ganglia. 94 - 95 A fundamental discovery has been that 
the dopaminc-deficicncy state is associated with in- 
creased activity of the inhibitory y-aminobutyne acid 
(GABA)-employing (GABAcrgic) output nuclei in 
the basal ganglia, the internal segment of the globus 
pallidus, and the pars reticulata of the substantia ni- 
gra (Fig. 3). The heightened action of the last two 
Structures is thought to arise from at least two mecly 
anisms: reduced inhibition by a "direct" GABAcrgic 
connection from the striatum (caudate nucleus and 
putamcn) and excessive excitation through an "indi- 
rect" pathway that contains two inhibitory neuronal 
connections, the first from the striatum to the exter- 
nal segment of the globus pallidus, and the second 
from that segment to the subthalamic nucleus. The 
subthalamic nucleus excites the internal segment ot 
the globus pallidus and the pars reticulata ot the 
substantia nigra by means of the neurotransmitter 
glutamate. 

In the striatum, the GABAergic output neurons 
projecting directly to the interna! segment of the 
globus pallidus and pars reticulata of the substantia 
nigra contain a predominance of Dl dopamine re- 
ceptors, whereas 02 receptors predominate on neu- 
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runs projecting to the external segment of the glo- 
bus pallidus. Dopamine has different effects on these 
receptors and, therefore, on the subpopulationx of 
striatal output neurons, exciting those expressing 
Dl receptors (the origin of the direct striatopalhdal 
pathway) and inhibiting those with D2 receptors 
(the origin of the indirect striatopallidal pathway). 
Figure 3A illustrates the balance of activity between 
the direct and indirect pathways acting on the inter- 
nal segment of the globus pallidus and pars reticu- 
lata of the substantia nigra in the normal, non- 
dopamine-deficient state. As shown in Figure 3B ? 
dopamine deficiency (e.g., in MPTP toxicity and Par- 
kinson's disease) causes overactivity of the indirect 
pathway, resulting in excessive glutamate rgic drive to 
the internal segment of the globus pallidus and pars 
reticulata of the substantia nigra and reduced activ- 
ity of the inhibitory GABAcrgic direct pathway, fur- 
ther disinhibiring the activity of the internal segment 
of the globus pallidus and pars reticulata of the sub- 
stantia nigra. Because these structures use the inhib- 
itory neurotransmitter GABA, the increased output 
of the basal ganglia leads to excessive inhibition and, 
effectively, to a shutdown of the thalamic and brain- 
stem nuclei that receive their outflow (Fig. 3B >. 

The excessive thalamic inhibition leads to suppres- 
sion of the cortical motor system, possibly resulting 
in akinesia, rigidity, and tremor, whereas the inhibi- 
tory descending projection to brain-stem locomotor 
areas may contribute to abnormalities of gait and 
posture. Studies with positron-emission tomography 
have shown that the reversal of akinesia with dopa- 
minergic drugs is associated with an increase in the 
activity of the abnormally depressed supplementary 
motor and pre motor cortex,™ areas involved in the 
initiation of movement. This observation suggests 
that dopamine may reduce the excessive inhibitory 
outflow from the output nuclei in the basal ganglia. 
Indeed, the high firing rate of the internal ^B^nt 
of the globus pallidus in both primates given MPTP 
and patients with Parkinson's disease^ diminishes 
with the administration of the potent Dl and D2 
dopamine- receptor agonist apomorphine in doses 
that reverse parkinsonism. 0 * 

The model of the circuitry of the basal ganglia 
(Fig. 3A and 3B) as originally proposed 99 - 1 ^ has a 
number of deficiencies, however. First, it is incom- 
plete. Often not included and rarely discussed are 
the other projections from the external segment ot 
the globus pallidus, including direct inhibitory con- 
nections to the internal segment of the globus palli- 
dus and the reticular nucleus of the thalamus," 1 ■ °< 
the projections from the centromcdian and parafas- 
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cicular thalamic nuclei to the striatum, the role of 
direct cortical projections to the subthalamic nucle- 
us, and the role of dopamine outside the striatum, 
including projections to the subthalamic nucleus and 
the internal segment of the globus pallidum The 
model best accounts for akinesia, but the explana- 
tions for rigidity and tremor are less clear. 

Two important problems with the model relate to 
the predicted results of surgical interventions. The t 
model predicts that thalamotomy, with its conse- 
quent diminution of thalamic activation of the cor- 
tex, should worsen Parkinson's disease and that pal- 
lidotomy at the internal segment of the globus 
pallidus, by diminishing inhibitory outflow from the 
basal ganglia, should produce hcmiballism, as oc- 
curs with spontaneous lesions in the subthalamic 
nucleus. Neither of these predictions is borne out by 
surgical experience. Indeed, thalamotomy is highly 
effective in the control of tremor in Parkinson's dis- J 
ease, 103 and pallidotomy strikingly eliminates dys- j 
kinesia induced by levodopa. 10 * These inaccurate j 
predictions of surgical response may reflect the fact 
that the model considers only neuronal discharge 
rates, rather than the more complex and potentially , 
more important neuronal firing patterns, or the fact j 
that the circuit may behave in a manner different : 
from that expected in the chronic dopamine-deh- ; 
cicnt state. Despite these deficiencies, this model of j 
the circuitry of the basal 'ganglia has allowed tbx j 
generation of hypotheses of the pathophysiology of ; 
parkinsonism and its response to treatment that can j 
be tested. 



TREATMENT 

The management of Parkinson's disease can be 
subdivided into three categories: protective or pre- 
ventive treatment, symptomatic treatment, and re- 
storative or regenerative treatment, 

Protective Therapy 

None of the currently available treatments have 
been proved to slow the progression of Parkinson's 
disease. Although it was initially believed that the se- 
lective monoamine oxidase B (MAO-B) inhibitor se- 
legiline delayed the onset of disability requiring ther- 
apv with levodopa by slowing the progression of the 
disease, it is now thought that much of this effect 
was due to the amelioration of symptoms.' 0 * In ad- 
dition, the initial effects were not sustained, 106 and 
selegiline did not delay the development of dyskine- 
sias or fluctuations in response to levodopa. 107 High 
doses of the antioxidant vitamin E were ineffective 
in slowing the progression of the disease. Further 
studies continue to suggest that selegiline is neuro- 
protective, 103 and recent studies indicate that it can 
block apoptosis through a transcriptional effect of its 
desmcthyl derivative that is unrelated to MAO-B in- 
hibition. 1 ' 09 However, a study in the United Kingdom 
found significantly higher mortality among patients 
treated with selegiline plus levodopa than among 
those treated with levodopa alone. nf> This study rais- 
es questions about the use of selegiline in Parkin- 
son's disease; however, other experience, including 
follow-up of the large cohort in the Deprenyl and 
Tocopherol Antioxidativc Therapy of Parkinsonism 
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the internal segment of the globus pallidum, and the para reticulata of the substantia nigra. 
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Normalized Motor Function after Pallidal Surgoryj ^? 
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Therefore, early treatment- should- be guided^ by 
the goal of providing maximal comfort and im- 
proved quality of life while limiting reversible but * 
long- term side effects. Treatment* intended to delay 
the introduction of levodopa should be used in an 
attempt to forestall the development of these side ef- * 
feces rather than on die basis of concern about tox- 
icity-or the hope of delaying the optimal response 
until greater disability develops. 

Dru gs such as anti cholinergic agents, amantadine, 
tosis, ana me proauas oi ^ j ^raiSIIir^^ronly mUd^o-moderag Je^ 
all" be considered in attempts to ]Mj£z:b^cim ^-, levodopa or d opa mine agones *r c_ 

. ^ ^ireT^c^j^^SMvc disability. However, dopa- 

TiTmeagonists may provide inadequate benefit, usu- 
allv take longer than levodopa to reach effective 
doses, and have always required that supplementary 
levodopa be given for supervening disability after 
varying periods of time. Most long-term studies of 
dopaminc-agonist monotherapy in patients with pre- 
viously untreated Parkinson's disease have involved 
bromocriptine. Approximately one third of such pa- 
tients have good responses to this drug, and some 
may not require levodopa for two to five years. Typ- 
ically, patients treated with dopamine agonists alone 
do not have fluctuations and dyskinesias untii levo- 
dopa is added to the regimen to treat supervening 
disability. 11 * Although rhc newer dopamine agonists, 
pramipexolcJM ropioirole,^ and cabergoiinc,^ have 
all been shown to have benefit in previously untreat- 
ed patients, it is unknown whether they will prove 
to have better long-term efficacy with fewer compli- 
cations than bromocriptine or pergolide. 

One reason that dopamine agonists infrequently 
result in fluctuations and dyskinesias may be their 
longer duration of action, which more closely mim- 
ics the physiologic tonic release of dopamine from 
normal nigral neurons, in contrast to che pulsatile 
stimulation of receptors caused by intermittent dos- 
es of standard levodopa formulations.*" A five-year 
study comparing regular levodopa and carbidopa 
with a controllcd-rclease formulation in patients with 
early Parkinson's disease found no difference in the 
rates of dyskinesias and fluctuations in the two treat- 
ment groups- However, the incidence of these com- 
plications was surprisingly low in both groups^- 4 

Problems in Later Medics! Treatment 
Early on, the response of the major symptoms in 
patients with Parkinson's disease may be inconsis- 
tent. Tremor, especially, may be more resistant to 
medical therapy than other symptoms. The reasons 
for this variable response arc not known; ^ however, 
pathologic involvement of nondopaminergic areas of 
the brain may be one explanation. Certainly this is 
an important explanation for many of the no n motor 
symptoms and the later-stage levodopa-rcsistant mo- 
tor disturbances. The latter largely account tor the 
persistent and progressive disability in the "on" pe- 



study, has not shown higher mortality among pa- 
tients treated with selegiline. 111113 

As outlined earlier in this review, the causes and 
pathogenesis of Parkinson's disease are unknown. 
The development of effective protective therapy will 
require advances in our understanding of the dis- 
ease. As new drugs become available, treatments that 
influence oxidative phosphorylation and damage due 
to free radicals, excessive iron deposition, disturb- 
ances of calcium homeostasis, cytokines, excitotoxic- 
ity, nitric oxide, apoptosis, and the products of caus 
ative genes may all be considered 
provide effective neural protection 

Symptomatic Therapy 
Early Medical Treatment 

Levodo pa remai ns t^e mosr effective treat ment 
Tor Parkinson's disease, However, levodopa is associ- 
atecl with a number of problems. There has been ex - 
^TaTsIvedebate about when to begin levodopa the x a- 
"^v7 The_qmtrc)vcrsy rdate sjo the widely h eldbcliets 
"^R ^leTodopa has an important bencnt tor only fi ve 
To se ven ye ars and that patients thereafter lose cKci r 
' respon se^" *hr Hm; J; *W ™Hy use ot levoqopa_Hii 

suits IrT the earlier development of complications 

--Tgararmotor ^ and !iur^- 

-w^^2!^Ll enT T defined below) and dyskinesias;^ 
"^Pr^^^yr^^ at l evodopa^ may b e toxic — possibly 
because it jpcreases dopamine turnover , with the 
formation of oxygen free radicals a nd pcroxynitrite 
JT^.i n^y ther eby speec Uhc" po7Ercssion of Parkin- 
son's disease.' t^ he rirslbcfiefls patently f a % With 
time, certain svmptoms develop tnat may be resist- 
ant to levodopa (Table 3), but most patients, if no t 
ail, continue to derive a substantial benef it from le- 
"vocfopa over the e ntire course of their illne ss. Al- 
' though the response later in the course or the dis- 
ease is often complicated by additional problems, it 
is generally believed that the later-stage motor com- 
plications (Tabic 3) are related to the severity of the 
underlying disease as well as to treatment-related 
factors such as the duration and dose ot levodopa 
therapy. In patients in whom therapy with levodopa 
has been delayed, often unnecessarily, until pro- 
nounced disability is present, motor complications 
often develop much more rapidly than in patients 
treated earlier in the course of their illness. 

Finally, the emp hasis on the toxic potential ot je* 
^nTipa^ri^^ criticized recentl y." 7 There 

.. n ..; t r ^.^ u>voflo pA accelerates the neurodegenera- 
ti ve m-ocess, and in fact, some studies even suggest 
a neurotrophic effect. .Levodopa increases hfe_ cx- 
pectancy a mong patients ttjthjfr^nson's disease 
^ntTIt has recently been shown that survival is sig- 
nificantly reduced if administration of the drug is 
delayed until greater disability with impaired postur- 
al reflexes develops. 11 * 
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Table 3 



Problems and Complications of Levodopa Tw^apy. 



PROBLEM 

Related to dhcaae 

F.arly suboptlmal sympnun control 

Later treatment-resistant symptom* 
Motor 



fsjtjn motor* 



Related to treatment and disease 
Motor fluctuation? 



Dyskinesia* (abnormal involuntary 
movements) 



Psychiatric disturbance* 



Symptoms 



Varving response of symptoms t» treatment 
Greater resistance of tremor th,™ a\' other symptom* 

Dysarthria 

freezing of & ait (on -period tVe«intt) 
Postural instability with t"»H$ 
LW-putonorr.U, weight tuv» 

Scmurv svmpti»rtw incUidititf pain (some may be responsive to wntUW 
Changs in mot>d or behavior, sleep disturbances 
Cognitive dysfunction and dementia 

Wearint! oft' of drug eftecr (end-ofdo<e deterioration), concomitant fluc- 
tuations or'numuoror symptoms that may be as doling as motor symp- 
tom* (or more jo)"* 

On -off phenomenon, more rapid and unpredictable fluctuations 

Peak-dote dvikineiiar, chorea, «twti«ii, and i«s 0*"% more prolonged 
dystonia, often wihw on initially affected side - 

Diphasic dyskin^u (-beginning-of-doM:; und ;<nd-o.-dose' dy^: c 
mixtv.re, ofehoreuathotOMs, ballisn,, dystonia, alternating movements 
fcspcciiilly in kns> ...... 

OtVpW.od dystonia, most often involving log* and xet (including morning 

Ihnt dystonia) 
Vivid dreams and nightmare* 

Rapid-eye movement sleep behavior d:*oroer (may develop below 

parkinsonism 1 **) 
Visual hallucination* with clear ^morium 
Hitllaeiiiatioti.% with confusion 
Mania, hypcr.-.e.-caality 
Paranoid psydioiis 



*Thesc symptoms sometimes occur earlier in the course of rite ilines*. 



nods (those characterized by greater mobility due to j 
the beneficial actions of Levodopa) ot motor fluctu- 
ations. 125 Motor fluctuations occur in approximately 
SO percent of patients after 5 years of levodopa ther- 
apy (at this time they usually affect patients for less 
than 2S percent of their waking hours), and the pro- 
portion of patients affected increases to 70 percent 
among those treated for more than 15 years.'** Such 
fluctuations arc more common among pancnts with 
voung-onset Parkinson's disease." 7 Motor comphca- 
lions include predictable "off" periods (predictable 
periods of immobility or greater seventy of other 
parkinsonian symptoms when medications wear ort 
— i.e., "wearing off"), unpredictable oti periods (or 
on-off fluctuations), and various forms ot abnormal 
involuntary movements. 

Wearing off can be defined as a perception of loss 
of mobility or dexterity, usually taking place gradu- 
ally over a period of minutes (up to an hour) and 
usually having a close, temporal relation to the tim- 
ing of antiparkinsonian medications. On-oU effects 
are unpredictable and generally sudden occurrences 
(lasting seconds to minutes) of shifts between on 
and off periods that are not apparently related to the 
timing of antiparkinsonian medication- These ott 



periods last minutes to hours and do not include 
transient episodes of "freezing 11 (also referred to as 
"motor blocks"; the initiation or continuation of a 
motor act such as walking is arrested tor a few sec- 
onds) or stress-induced tremor which are both com- 
ponents of the underlying disease and occur even in 
the absence of treatment. 

As the disease progresses, failing endogenous syn- 
thesis and capacity for storage of dopamine result 
in greater evidence of the so^aikd shpr.tj-duration_ 
responsuaModo^ 

"laSteaimpro^ "i svmPtoms_t hat lasts for m in- 
ute7~t^Wirs and is follow^ "ByTreturn of parkin- 
sonism as the dose wears off. In addition, Jiggative 
resp onses." which are brief periods o^ rsejim^^ 
-^f^ ra before ai ict^rtcrihe shorty 

duration response, may agcen^ 
nc ss ot m otor tRicEfe'ri^ ^ addition to presyn- 
aptic changes in die uigrosTalfirdopaminergic system, 
postsynaptic changes - for example in the striatum 
and its projections to the globus palhdus' 29 — pos- 
sibly involving altered giutamatergic responses may 
also contribute to the shorter duration ot the efctects 
of levodopa. This possibility is supported by the ob- 
servation of a similar decline in the duration ot effect 



Volume 339 Number 16 * 1 



10/16/98 



13: 15 



NYU NEUROLOGY ■* 2027373528 

The New England Jouxn^ot_^df£^ 



NO. 824 DO 



Table 4. Dkugs fok Parkinson's Disease. 



Class Druq 

Anticholinergic Many (e.g.> benztropi'tc, 
crihexypHcnldyl) 



Miscellaneous Amantadine 



Usual Final Dosaoc 
Varied 

100 m» 2 or 3 time*/day 



Dopamine 

precursor 



Levodopa 
Given with peripheral 
dopa decarboxylase 
inhibitor (carbidopa 
[in 4:1 and 10;l ratio*] 
or betucrazide [4:1 If) 
Concrollcd-retease formu- 
lations (with cirbidopa 
[4:1] or ben*erazide 



Dopamine 
agonist 

Ergot 'derived Bromocriptine 



Pergoiidt: 
Cabcrgolinet 



LisurideT 
Nod -ergot- Ropir.irolc 
derived 



Varied; begin with 3- timet- 
daily schedule v TOn " 
trolled -relcaw levodo- 
pa -earbidopa may be 
given twice daily ;»t first); 
Utc in disease, pit ten cs 
may require multiple 
doses/day (sometime* 
>2 g/dti/)» with m**il* 
time i avoided in order 
tu improve absorption 



30 tu 40 mg/day 



Prstnipexcte 
Apo. morphine 



Monoamine .Selegiline 

Oxidase U 

inhibitor 



Important AOVMK EfrtCTS' 

Peripheral (e.g.. dry mouth, blurred 
vision, constipation, difficulties with 
urination); central {contusion, memory 
problems* hallucinations) 

Confusion* visual hallucinations*, livedo 
reticularis, swelling of ankle*; dose re- 
duction or drug withdrawal necessary 
in the preivencc of renal failure 

• Peripheral and central dopaminergic side 
effects: peripheral (e.g., n*vi*ea T vomit- 
ing, and orthostatic hypotension); 
wcncral ^i.c. ( inoior fluctuations, dy>ki 

; neaias, psychiatric disturbances) 



3 to 5 mg/day 
2 to rt mg /day 



2 to $ mg/day 
Up to 24 mgAlny in 
o divided dos« 



COMMON rs 

Relatively eon t vindicated In elderly 
and contraindicated in patients 
with cognitive dis curb ane 

Previously considered a dopaminergic 
drug, now thought to act primarily 
through NMDA* antagonist effceM; 
dyskinesias often improve with 
treatment 

Peripheral side effects often con- 
trolled by itddicional cn.-bidop? or 
the peripheral dopaminc-rcccpror 
blocker dompcridonet 



Up to 4-5 mg/day 
in 3 divided doses 

Parenteral agent as needed 
or given as continuous 
inn^lon 

5 my 2 times/day 



Peripheral and central dopaminergic !.idc 

crt'ec:*; pedal edema 
Plcuropulmonary reaction, rctrupt-'rito- 

ncai fibrosis, crythmmelalgia 



M for bromocriptine 
As for bromocriptine 



A-t lor bromocriptine 

Similar peripheral and central dopamin- 
ergic side effects to those of ergot 
derived dopamine agonists, with the 
probable exceptions of pleuropulmo- 
iwry reaction, retroperitoneal fibrosis, 
nnd c rythromelalgia 

As fur ropinirole 



Peripheral nnd central dopaminergic side 
ejects 

Local skin rcuciions including nodule 

formation 
Dopaminergic effects of other drugs 

possibly accentuated, insomnu, 

contusion 



Peripheral aide effect* often well 
controlled with dtimperidonct 

Rare pulmonary, retroperitoneal, and 
skin effects possibly due to ergot 
derivation (drug withdrawal usually 
■ required) 

As for bromocriptine 
As tor bromocriptine 
Long half-tile allows mice-daily 

dOi'ftgt: 

As for briimocripcinc 

Effective ».i first -line -md adjunetiv- 
therapy; dopamine D3 --agonist 
effect* etjuld contribute to elfwney 



As for roplnirole, possibly greater 

U D3 'preferring" effects; may be 

neuroprotective 
Concomitant antiemetic (e.g., dom- 

pcridnr.c t t uimcthobeiuamide ) 

needed 

L^t tloac given . at mid -day 



of the direct-acting dopamine agonist apomorphtne, 
which cannot be explained by alterations in the in- 
tegrity of presynaptic dopamine neurons. 12 * 130 

Rapid and unpredictable fluctuations develop as 
the response to levodopa becomes less graded, with 
small changes in concentration producing large 
changes in response. 128 Ac this stage, there is also a 
potentially important contribution of pharmacoki- 
"* nctic factors such as the unpredictable absorption 
and transport of levodopa across the blood- brain 
barrier. An increase in the interval between a dose olr 
medication and the patient's experience of an on re- 
sponse ("delayed on") and the absence of a response 



to an individual dose ("dose failure" or "no on") 
may relate to delayed gastric emptying. 131 In these 
situations, patients may notice that their medication 
takes much longer to have an effect than it used to 
and that sometimes it does not seem to work at all. 

Levodopa-induccd dyskinesias arc clinically and 
pharmacologically heterogeneous^^** Dystonjc pos- 
turing of a limb is usually the effect of a critically low 
level of dopaminergic stimulation, typically occurring 
in the off periods. Many patients, especially early m 
the course of disease, arc unaware of the presence ot 
j their choreoathetotic movements, which usually oc- 
l cur when the effect of the medication is at its peak. 
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TABLC 4. COKTSNC'RD. 



Class 



Druo 



Catechol Omcchyltranrfci^ Tokapmw 
m.l inhibitor 



/Vypiol neuroleptic 



U SU Al MM. D0 S « 6 l«P0«T*NT ADV«« EDICTS' 

day ( « 6 -hr intervals) i« approximately Stt of pane.... 



Clozapine 



200 m V 4 to 10 tiiWday As for tok-uponc 

(jjiven with lcvo*U»i>a} 
Wide range (6.25 m 

1SU mg/May). usually 

■c7S mg/^iy 



Aariiiuilocywwi*, sc(! a uor, t hypotension 
sialorrhea 



y.5 to IS ms/day"* 
25 V> ISO n:g/M.w'-* B 



Wortemng of parkinsonjMn v<l^ «> 
rccepn»r-bl**king «tfccu ... other r.c- 

A* for rwpcritUHw; i>OH»ily lsv. r.s* t;f 

iiK reusing pjifoimoimni 
A 4 tor ulanzuptpe 



Comments 

Do,.- »flcvodopa may have sv be re- 
duced by <v. much as 25K; O^The. 
(<w>rru-time$ explore) typic»Uy 
threes discontinuation; Uvcr-func- 
timi tests required at base line and 
every 6 week*, for the fir« 

As rW toicaponci dwrrtwA po«itoy 

ic.v*. (rctiucnc . 
Verv tow riilt «f woncnints p^kuuor.- 
i*ivi, .i^rnr.ilocyToais rare 
ai\d reversible if eViscoveifil cany 
(requires weekly monitoring or 
compile.: blood count); may im- 
prove rttiwr symptoms fiuch as 
tremor;-*' »k.ithi«U, dysUnev-ai'" 
L^vcr r^k of cxirapyranmiai effect 
than with $t;iitdar;l ncvruleptt-:* 
bui not as low as wi:h clozapine 
IVvwibly a?, tor risperidone 

*Woly as for risperidone 



-Central eiVeets arc hsred in Table 3. 

tTlus dru B «r rVmuLt.m 1, unliable in the Lmied S-es. 



With time, these dyskinesias may be, m. 
of considerable disability and may pet s st througg , 
out the response ro an individu id d ^ t^on | 
wavc dvAincsiasr which start abru P tl ^^™^ 
period begins and subside when the oft p *iud Ue 
telops* sSroc patient^ ^ 

nccially involving the lower body at the onsc t o 
S of the respond to medication (so-called dtpha j 
sic dyskinesias). of j 

Tlu-pathcn^ of d t^rcnt 

dyskinesia remain uncei tain. 1 he to ic. l | 
subclasses of dopamine receptors (D J 
rtiffcnne activities of the indirect and duett MXiatu 
pS'pSways, and the influence = <f ot^r ^n,- 
mirters fe. S „ GABA, enkephalin .and espe^Uy glu 
ftmatc 1 "- 1 -") remain controversial.""- 1 "' As drscussct. 
S the pharmacodynamic alteration in the s.gna - 
'Snsducdon mchaniU of striatal output neurons 
that contribute to these complications may be auc 
n part, to the ncnphy.sioU.gic> pulsatile stimulation 
of dopamine receptors that results from the shejt 
half-life of standa-.rd levodopa preparations."" This 
hypothesis is supported by the progressive improve- 
ment in fluctuations, including ^f^^ t n - 
«oonsc to treatmer t in patients treated w.th contm 
S methods ^'dopaminergic ^J^^ 
intravenous or intra*W.cnal lcvodt.pa mjusions 
. nri noomorphine (be lisundc pumpi." 1 '' 

Tl« pTySatric ^implication, of therapy vvith lc 
wdopa and other /dopaminergic drugs arc also var- 



ied and complex (Tabic 3). ^^.^f™ 1 ^ 
ivsfunction predisposes patients to some or these 
orob en The presence of hallucinations w the 

Itevcd that psychiatric ™W^ ao ™*"?^*n- 
stlmubtio , of d^ne rjxept ™^^™ nA 
tor striatum — lor example, im- » 
mcsocortical dopamine systems. 1 1 « "^.^^ 

lu-ptic drug clozapine.'*- H o « t . , otne ^ 
roinergic neurotransmitters P artiLuUrt> 
system, may also have a rolc.>«* 

Man»f,«n,,nt Of L«-«t-tf« Problem* 

a .^railed discussion of the management ot late- 

„„ inadcil^K response to the p L.k iJ» l« . 

i ^oms'are typically ^-dopa.esistant ; T b . 
I cvodopa-resistant symptom , mo ™ oltcn ^ 
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levodopa or dopamine agonists (e.g., on-period freez- 
ing of gait, foiling, or dysarthria), A cautious trial of 
a lower dose of these drugs should therefore be con- 
sidered. Speech, physiotherapy, and occupational ther- 
apy all play an important part in managing some of 
these motor problems. Surgery (discussed below) 
may be useful tor drug- resistant tremor, but the role 
of surgery in managing other levodopa- resistant prob- 
lems is controversial, and to date there are no con- 
vincing reports demonstrating a benefit. 

The wearing off of the effect of drugs can be man- 
aged in a variety of ways, including more frequent 
doses of standard levodopa, the use of conrrolled- 
relcase levodopa (which has lower bioavailability than 
the standard drug and therefore often requires an in- 
crease in total dosage), the addition of a dopamine 
agonist, and the use of a drug designed to extend 
the duration of the response to levodopa by reduc- 
ing thc'metabolism of levodopa, dopamine, or both. 
The drugs in the last category include the MAO-B 
antagonist selegiline and the new catechol O methyl - 
transferase inhibitors, tolcapone and entacaponc. Cat- 
echol O methyl transferase inhibitors prolong the 
action of an individual dose of levodopa and signifi- 
cantly reduce off time, although increased dyskinesias 
or induction of hallucinations may require a reduc- 
tion in the dose of levodopa. 151 - 153 Severe, unpredict- 
able fluctuations, which arc usually accompanied by 
problematic dyskinesias, arc exceedingly difficult to 
manage. 

In addition to the approaches just mentioned, 
hourly intake of a liquid preparation of levodopa 15 ' 1 
or, where available, parenteral apomorphine or lisnr- 
ide given cither as needed or by constant infusion, 
may" be extremely effective. 141 . 142 "Delayed-on" and 
dose failures may improve in response to agents that 
promote gastric motility, such as cisapride 151 or duo- 
denal infusions of levodopa, which are delivered di- 
rectly to the sites of absorption in the small bowel. uo 
Peak-dose and square-wave dyskinesias may improve 
in response to a lower dose of levodopa; however^ 
more frequent smaller doses may cause more off 
time and dose failures, 155 Occasionally, the use of 
high doses of a dopamine agonist combined with very / 
low doses of levodopa will improve severe fluctua^/ 
tions a nd dyskinesias, Disabling dyskinesias are often 
resistant to currently available treatments. Proprano- 
lol, 156 fluoxetine/" 57 clozapine, lSR and buspirone 15 / arc 
occasionally effective. Amantadine may reduce 'dys- 
kinesia, 160 possibly by NML>V antagonist effects. Stud- 
ies in animals suggest that newer ghuamatc antago- 
nists may be very effective in controlling peakldose 
dyskinesias. l3R Patients with painful off-period dysto- 
nia that persists despite treatments designed tt\ re- 
duce fluctuations may benefit from baclofen, lithi- 
um, or injections of botuhnum toxin. All forms ofy 
dyskinesia, as well as disabling off-period symptoms, 
may respond to surgical therapy. 



Depression in patients with Parkinson's disease is 
treated in the same way as depression in those with- 
out Parkinson's disease; patients are often elderly 
and therefore more susceptible than younger per- 
sons to the anticholinergic effects of certain tricyclic 
antidepressants. There is theoretical concern about 
the use of selective serotonin -reuptake inhibitors be- 
cause of their potential to worsen parkinsonism Ki1 
and to interact adversely with selegiline. 102 

When visual hallucinations arc present, it is im- 
portant to rule out a systemic illness such as a con- 
current infection or metabolic disturbance. The drugs 
with low ratios of therapeutic to toxic effects should 
then be eliminated; these include anticholinergic 
drugs, amantadine, and selegiline. The dose of the 
dopamine agonist and then levodopa should be 
reduced to the minimum necessary lor optimal clin- 
ical control. Catechol O-methyltransferasc inhibitors 
could be discontinued either before or after adjust- 
ment of the dose of the dopamine agonist, but be- 
fore the dosage of levodopa is altered. If hallucina- 
tions are mild, infrequent, and nonthreatening, one 
can then monitor the patient closely. 

In the case of more severe hallucinations or psy- 
chosis, the use of an atypical neuroleptic agent is 
indicated. At present, the most widely used and 
effective of these is clozapine. 145 Risperidone often 
worsens the underlying parkinsonism. The relative 
safety and efficacy of newer atypical neuroleptics 
such as olanzapine and quetiapine remain to be 
determined; certainly, olanzapine is capable of in- 
creasing parkinsonism, whereas there arc fewer data 
on quetiapine. Ondansetron, an antagonist of the 
5-hydroxytryptamine^ receptor, may .he effective, 146 
but its high cost precludes routine use. Electrocon- 
vulsive therapy may also be beneficial in patients 
who are not confused 1 **; this treatment also has the 
potential to improve response fluctuations tempo- 
rarily. Generally, there is no justification for "drug 
holidays" (^^Jti^temporat v compter withdrawal 
of levoclo^a)/* 4 which may be associatccTWfch sub- 
stanf.iat morbidity, including life-threatening syrnfc^ 
.Toms akin to the neuroleptic malign -ant syndrome. 165 \ 

Dementia accompanying Parkin-son's disease re- 
mains the greatest therapeutic chal lenge. Currently, 
there is no proven treatment for this increasingly 
common problem. Although the newer cholinergic 
agents used in Alzheimer's disease 1, ' j6 - i&? have not been 
studied in detail in patients with, parkinsonian de- 
mentia, the involvement of cortical cholinergic pro- 
jections suggests that these drugs might have benefi- 
cial effects on cognition and behavior in patients with 
Parkinsons disease. However, rhc c c is a, str ong possi- 
bjlit^^arjtb gy mjfib C w orse n "pa rji l insonia n sy mptom s, 
Tb y increasing Striatal cholinergic ^ criyU^Table 5 lists 
therapies under development, ln^Tudiiig agents that / 
may be more appropriate for rKns problem in thp^ 
jture (e.g., neuronal nicotinic agonists). 
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Table 5. Developing and Future Treatment Approaches for Pmusjnson's Disease. 



Catbqorv 

New formulation* of levodupa 
Dopamine-transport inhibitors 

Monoamine oxidase U inhibitors 

Monoamine oakIm* A inhibitors 
Dopamine Dl-receptw agonists 



Newer mtihods of drug 
application 



Adenosine A, A antagonists 1 ** 



Giuumate antagonists 
Neuronal nuioriiiie-rceejiior 



Neurotrophic fac cor s 

k Opioid -receptor agonises 



Levodopa ethyl ester/ *• levodopa 

methyl ester 
NS-22141" 



Newer formulations of selegiline* 
lazabemkic, 173 rasagilme 



Mnelnbemidc 
ABT-431 17 * 



Transdermal patch f N-0923, » 
D2 receptor Agonist 171 ); nasal 
insufflation and sublingual 
(apomorphinc 1 ") 

KW'6002 



KcniuKwtiidt:,''** dextromethor- 
phan, riluzolc 
SIB15C8Y, ABT41H 



I nmivc utricular GDNF 
Neurotrophic imtuutiophilms 

Lirulolinc, 0-69,593 



COMMiNTS 

,S*>lubie-prodrugs of levodopa given parcnterally 

Increase endogenous dopamine in synaptic 
cleft; animal studies show antiparkinsonian 
effaces without dyskinesias; possible neuro- 
protective effect due to blocking of uptake of 
toxins into dopaminergic neuron? 

Designed to bypass first -paw hepatic metabo- 
lism (given by transdermal patch, or sublln- 
gttalty); possible neuroprotective or neuro- 
trophic effect 

Antidepressant; p<wsiWy tnhcr effects (e.g., neu* 
roprotcctiori) 

May reduce dyskinesia as well as improve par 
ktnsonism 

LfWigcr-acting Dl 'receptor «gO:iu;$ result in 
dcAcnsiei&ititm 

Current intranasal formulations of apt "Mor- 
phine may Cause n,i:;nl crusting and vestib- 
ulitis 

May reduce output <>f striatal neurons project- 
ing to external segment of globus pallidus 
(indirect pathway) by increased GABA- 
mediaicd feedback inhibition -and reduced 
acetylcholine release 

Potentiate effect* of levodopa and may reduce 
dyskinesias 1 ''; prwuble nsympn.itectivc effect 

F:;:hnm;i: striatal dopamine and release ofnorep- 
iiiophriiie in cortex and release of acetylcho- 
line in fri'iru&l cortex and hippocampus; pos- 
sible iinproveiiK-rtt in motor and cognitive 
diNiurbrtnee^pn^iMe Additional neurotrophic 
effects 

Striking cfteet* in *ini:itai cuidcls 

Striking et'fcct?* in .mi:iu1 models; active orally, 

unlike other neurotrophic polypeptides 
Cause presynaptic reduction >n glu ram-ate 

release; atuiakinecic ant; synergistic with 

levodopa in animal model* 1 " 7 



Surgical Therapy and Restorative Therapy 

A greater understanding of the pathophysiologic 
correlates of parkinsonism is largely responsible for 
the resurgence of functional neurosurgical procedures 
in the treatment of this disease. The target of such 
procedures is die disrupted activities of the motor 
thalamus, the internal segment of the globus pallidus, 
or the subthalamic nucleus. The introduction of MEU 
and the use of microelcctrode recording techniques 
have improved the safety and accuracy of functional 
neurosurgical procedures. Despite reduced surgical 
morbidity, ablative procedures are still associated with 
a risk of permanent complications, especially when 
bilateral lesions are created. For this rcaso^ long- 
term electrical stimulation through implanted deep- 
brain electrodes is being studied as a potentially re- 
versible and adjustable treatment method. Although 
the mechanism through which deep-brain stimula- 
tion acts is not understood, the striking similarities in 
the clinical effects obtained with surgical lesions and 



with deep-brain stimulation suggest that long-term 
electrical stimulation at the levels used clinically acts 
to disrupt or inhibit neuronal activity. 

The proposed model of the function of the basal 
ganglia (Fig. 3 A) and the changes that occur in Par- 
kinson's disease (big. 3B) predict that surgical re- 
duction of the excessive inhibitory output of the in- 
ternal segment of the globus pallidus to the motor 
thalamus (Fig. 3C) or reduction of the excessive 
drive of the subthalamic nucleus to both output 
components of the basal ganglia (internal segment 
of the globus pallidus and pars reticulata of the sub- 
stantia nigra) (Fig. 3D) should increase the activa- 
tion of premotor corccxes and result in a more nearly 
normal state. The observation that both pallidotomy 
j and deep-brain stimulation of the internal segment 
of the globus pallidus or subthalamic nucleus cause 
activation of premotor and supplementary motor ar- 
eas associated with the reversal of parkinsonism^ 7 * 180 
is consistent with this view. 
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Figure 4. Axial 1 TVW&ighted MR! Scan Showing a Right-Sided 
Lesion in the Posteromedial Portion of the Globus Pallidus. 




Figure 5. T., -Weighted MR! Seen Showing Bilateral Quadripolar 
Elee-rodas Implanted in the Subthalamic Nucleus. 



Surgery is reserved for disabling, medically refrac- 
tory problems, The thalamic target U currently used 
exclusively for tremor, whereas surgery on the inter- 
nal segment of the globus pallidus and subthalamic 
nucleus is being studied for the treatment of all 
features of parkinsonism, as well as drug-induced 
dyskinesias. Interventions at the ventrointcr mediate 
thalamic nucleus provide approximately SO percent 
reductions in contralateral arm tremor. 1 * 3 - 1 * 1 - 1 " How- 
eve^ this effect may not be accompanied by a clini- 
cally significant improvement in the ability to per- 
form activities of daily living, 1 * 1 since resting tremor 
is often not an important cause of functional disabil- 
ity in Parkinson's disease. Although rigidity may 
decrease, disabling akinesia is not improved by thala- 
motomy or thalamic stimulation, and gait dysfunc- 
tion occasionally increases. Levodopa-induccd dyski- 
nesias may also improve, depending on the exact site 
of the lesion or electrode placement. 

Pallidotomy (Fig. 3C and 4) is associated with a 
striking improvement in levodopa-induccd dyskine- 
sias (an improvement of 80 percent or more in con- 
tralateral drug-induced dyskinesias), and approximate- 
ly a 30 percent improvement in total motor scores, 
with significant reductions in contralateral akinesia, 
rigidity, and tremor.**"' 1 * 3 -"** These benefits translate 
into improvements in the ability to perforin activities 
of daily living and increased independence, 1 " 4 Uni- 
lateral pallidotomy, however, results in predominant- 
ly contralateral motor benefits, and the improve- 
ments it produces in gait and postural symptoms 
may be relatively short-lived — lasting only three to 
six months, in our experience. 104 Bilateral pallidal 
procedures have been performed to address these 
shortcomings. Although there are some reports of a 
benefit, 1 ** there is also a greater risk of adverse ef- 
fects, especially cognitive and bulbar dysfunction. 
This risk has encouraged the development of deep- 
brain stimulation as an alternative. Preliminary re- 
ports suggest that bilateral deep-brain stimulation of 
the internal segment of the globus pallidus 187 - liiH or, 
particularly, the subthalamic nucleus 1 ™ (Fig. 3C. .3D, 
and 5) — as described elsewhere in this issue of the 
Journal by Limousin ct al. ,M — can have striking 
benefits in terms of all aspects of parkinsonism. 

Other surgical strategics arc at various stages of 
development. Although surgeons have traditionally 
avoided creating lesions in the subthalamic nucleus 
for fear of causing hemiballism, preliminary studies 
suggest that this procedure may be performed safety 
and may result in an improvement in parkinson- 
ism. 190 The transplantation of autologous adrenal 
medulla to the striatum in an attempt to restore the 
deficient striatal dopaminergic innervation has been 
largely abandoned because of its lack of efficacy, 
which is related at least in part to the poor survival of 
the implanted adrenal tissue. 191 Allogeneic transplan- 
tation of fetal mesencephalon is currently being scud- 
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kd, and initial reports show promising results. 192194 
Both positron-emission tomography 1 **' 1 ** and autop- 
sy 194 studies have established the long-term viabiiiry 
of transplanted dopaminergic neurons. In part to over- 
come ethical issues and problems in obtaining ade- 
quate numbers of dopaminergic cells (at least three 
to four fetuses may be required per side, amounting 
to six or more fetuses per patient), investigators are 
studying xenotransplantation with use of embryonic 
porcine mesencephalon. Such studies have also shown 
that transplanted cells survive for several months. 197 
Sufficient data on the safety and efficacy of the 
allografts and the xenografts have not yet been pub- 
lished. 

Another approach currently under study is the in- 
traventricular delivery of the dopaminergic neuro- 
trophic factor GDNF. 63 A technique that may be ap- 
plicable in the future is the implantation of foreign 
cells in semipermeable polymeric capsules, thus ob- 
viating "the need for potentially harmful immuno- 
suppressive therapy. This method would allow the 
bidirectional diffusion of such substances as neuro- 
transmitters and nutrients but would prevent an- 
tigenic stimulation of host defenses and thus rejec- 
tion. 1 '^ However, the rcinncrvation and synaptic 
interactions that are possible with successful direct- 
transplantation techniques would not be possible 
'with this therapy. 

fn the future, surgical interventions may incorpo- 
rate advances in gene therapy. Gene transfer is being 
examined in animal models of parkinsonism in stud- 
ies involving genetically manipulated implantable cells 
(so-called ex vivo techniques) or viral vectors (or the 
DNA of interest presented in some other fashion) 
directly injected into the brain (in vivo techniques). 
A third form of gene therapy is the modulation of 
the level of expression of a gene of interest within 
the brain — for example, with use of antisense oli- 
gonucleotides. The current objective 1 '^ is to enhance 
the expression of enzymes in the biosynthctic path- 
way of dopamine (tyrosine hydroxylase, guanosine 
triphosphate cyclohydrolase, and aromatic L-amino 
acid decarboxylase) or neurotrophic factors (BDNF 
or GDNF). Genes coding For molecules that block 
apoptosis, scavenge free radicals, enhance the clear- 
ance of toxic metabolites, or improve mitochondrial 
function could also be considered. Issues of efficacy, 
safety, regulation of gene expression, and the limited 
long-term expression of foreign genes need to be 
addressed. 

SUMMARY 

At no time in the past have the basic and clinical 
sciences applied to Parkinson's disease been so ac- 
tive. Experimental therapies under study at present 
promise to improve on the limitations of existing 
treatments. Future progress in understanding the 
causation and pathogenesis of the disorder will per- 



mit the development of new treatments that will 
slow, halt, or even reverse the currently inexorable 
progressive course of Parkinson's disease. 
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